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valeric, and caproic acids; the higher acids have little odor because of their low 
volatility. 

18,4 Salts of carboxylic acids 

Although much weaker than the strong mineral acids (sulfuric, hydrochloric, 
nitric), the carboxylic acids are tremendously more acidic than the very weak 
organic acids (alcohols, acetylene) we have so far studied; they are much stronger 
acids than water. Aqueous hydroxides therefore readily convert carboxylic 
acids into their salts; aqueous mineral acids readily convert the salts back into the 
carboxylic acids. Since we can do little with carboxylic acids without encountering 



RCOOH 
Acid 



OH" 



RCOO^ 
Salt 



this conversion to and from their salts, it is worthwhile for us to examine the 
properties of these salts. 

Salts of carboxylic acid— like all salts— are crystalline non-volatile solids 
made up of positive and negative ions; their properties are what we would expect 
of such structures. The strong electrostatic forces holding the ions in the crystal 
lattice can be overcome only by heating to a high temperature, or by a very polar 
solvent. The temperature required for melting is so high that before it can be 
reached carbon-carbon bonds break and the molecule decomposes, generally 
in the neighborhood of 300-400''. A decomposition point is seldom useful for 
the identification of a compound, since it usually reflects the rate of heating rather 
than the identity of the compound. 

The alkali metal salts of carboxylic acids (sodium, potassium, ammonium) 
are soluble in water but insoluble in non-polar solvents; most of the heavy metal 
salts (iron, silver, copper, etc.) are insoluble in water. 

Thus we see that, except for the acids of four carbons or less, which are soluble 
both in water and in organic solvents, carboxylic acids and their alkali metal salts 
show exactly opposite solubility behavior. Because of the ready interconversion 
of acids and their salts, this difference in solubility behavior may be used in two 
important ways: for identification and for separation, 

A water-insoluble organic compound that dissolves in cold dilute aqueous 
sodium hydroxide must be either a carboxylic acid or one of the few other kinds of 
organic compounds more acidic than water; that it is indeed a carboxylic acid 
can then be shown in other ways. 



RCOOH + T^aOH 
Stronger acid 
Insoluble in H2O 



RCOONa + H2O 

Soluble in Weaker 
H2O acid 



Instead of sodium hydroxide, we can use aqueous sodium bicarbonate; even if the 
unknown is water-soluble, its acidity is shown by the evolution of bubbles of CO2, 



RCOOH 4- NaHCOi 
Insoluble in H2O 



. RCOONa + H2O 4- CO2 t 
Soluble in H2O 
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We can separate a carboxylic acid from non-acidic compounds by taking 
advantage of its solubility and their insolubility in aqueous base; once the separa- 
tion has been accomplished, we can regenerate the acid by acidification of the 
aqueous solution. If we are dealing with solids, we simply stir the mixture with 
aqueous base and then filter the solution from insoluble, non-acidic materials; 
addition of mineral acid to the filtrate pTecipitates the carboxylic acid, which can 
be collected on a filter. If we are dealing with liquids, we shake the mixture with 
aqueous base in a separatory funnel and separate the aqueous layer from the in- 
soluble organic layer; addition of acid to the aqueous layer again liberates the 
carboxylic acid, which can then be separated from the water. For completeness 
of separation and ease of handling, we often add a water-insoluble solvent like 
ether to the acidified mixture. The carboxylic acid is extracted from the water by 
the ether, in which it is more soluble; the volatile ether is readily removed by dis- 
tillation from the comparatively high-boiling acid. 

For example, an aldehyde prepared by the oxidation of a primary alcohol 
(Sec. 16.8) may very well be contaminated with the carboxylic acid; this acid can 
be simply washed out with dilute aqueous base. The carboxylic acid prepared 
by oxidation of an alkyibenzene (Sec. 1 2.10) may very well be contaminated with 
unreacted starting material; the carboxylic acid can be taken into solution by 
aqueous base, separated from the insoluble hydrocarbon, and regenerated by 
addition of mineral acid. 

Since separations of this kind are more clear-cut and less wasteful of material, 
they are preferred wherever possible over recrystallization or distillation. 



18.5 Industrial source 

Acetic acid, by far the most important of all carboxylic acids, is prepared by 
air oxidation of acetaldehyde, which is readily available from the hydration of 
acetylene (Sec. 8.13), or the dehydrogenation of ethanol 

HC^CH J^^<^>H,so,.Hgso. ^ 
Acetylene | 

^ CHjC-o CH3COOH 

CH3CH2OH 250-300" I Acetaldehyde Acetic acid 

Ethanol 



Large amounts of acetic acid are also produced as the dilute aqueous solu- 
tion known as vinegar. Here, too, the acetic acid is prepared by air oxidation; the 
compound that is oxidized is ethyl alcohol, and the catalysts are bacterial (Aceto- 
bacter) enzymes. 

The most important sources of aliphatic carboxylic acids are the animal and 
vegetable fats (Sees, 33.2-33.4). " From fats there can be obtained, in purity of 
over 90%, straight-chain carboxylic acids of even carbon number ranging from six 
to eighteen carbon atoms. These acids can be converted irito the corresponding 
alcohols (Sec. 18.18), which can then be used, in the ways we have already studied 
(Sec. 16.10), to make a great number of other compounds containing long, straight- 
chain units. 

The most important of the aromatic carboxylic acids, benzoic acid and the 



